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Proceeding from plain PDMS to 2 wt% GNP, the increase in number of nanoplatelet flakes in the cross-sections is clearly visible. In all composite actuators fabricated, nanoplatelet loadings were kept less than the percolation threshold resulting in non-conductive samples, as is evidenced by large spacing between adjacent nanoplatelet flakes which precluded forming a conductive network.
Control system setup
A control PCB allocates each IR LED to a dedicated 8-bit, 1 kHz pulse-width modulation (PWM) channel yielding 256 IR intensity steps (value of 0 corresponded to 0% duty cycle, and 255 to 100% duty cycle). Assuming each IR intensity step corresponds to specific temperature change in the composite, this allows for 256 temperature steps. Figure S1 (a-e) shows several plots of diode voltage at various duty cycles and control electronics detail. LabVIEW-based control software was written to include modes ranging from manual control over each diode's intensity, to fully automatic, whereas the software determines diode adjustments required to position the stage. For the fully automatic mode, diode control for each axis was allocated to an independent proportional-integral-derivative (PID) controller. PID feedback control was chosen due to ease of implementation and widespread industrial use. Control software allows the operator to input desired stage position (x,y), laser displacement sensors provided real-time position feedback, and the PID loop sets diode intensity. Continuous high-speed diode intensity adjustments are required to account for thermal drift and maintain the stage at desired displacement. This simplifies operation as well as gives the software enough flexibility to correct thermal drift and hysteresis to maintain ordered position. Equations (S1) and (S2) are examples of positioning diode intensity calculations for a hypothetical positive axis process variable (R PID ) request from the PID loop (i.e., an axis request > 0% and < +100%), where  is a conversion factor based on control restrictions.
7.65
(S1) 
Efficiency calculations
In order to determine heat transfer into composites, an equation to model-specific heat as a function of GNP loading was needed. At low GNP loading (less than the percolation threshold), stacks of graphene plates are isolated from each other and do not form a continuous network. Therefore, the rule of mixtures was used [equation (S3)] to calculate specific heat (c p )
for composites using ~1.46 kJ/kgK for c PDMS and ~0.5 kJ/kgK for c GNP .
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To evaluate relationships between GNP loading and efficiency, one end of the composite strip was fixed. A 100 g weight was hung from the other end. Initial length was recorded, and the strip exposed to an IR source. Due to pre-strain induced from the weighted end, composite strips contracted upon IR exposure. This setup was repeated for GNP loadings from 0 to 2 wt%. Using previously determined c p values, heat transfer (Q) and work (W) were calculated using ∆ and respectively. cycling, the three -x axis LEDs were illuminated (1a) for a specified period, then turned off (1b).
For differential illumination cycling, the three -x axis LEDs were illuminated (2a) for a specified period, then turned off and the opposite side LEDs turned on (2b). Since the stage was pulled first in the -x direction, and then in the +x direction, differential illumination results in much larger peak-to-peak amplitudes than those obtained in single illumination testing. 
Testing sequencing
In order to characterize nanopositioner response to various composite GNP loadings, thicknesses, and types of positioning diodes, a series of automated tests were conducted. These tests and associated settings were incorporated into the LabVIEW software discussed previously, which handled all sequencing and data logging. Types of tests included (1) 
